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(54) mxttt«#»ttic*nftS5«A«»iMf*J:r;*o«jft*«c. ft&m:mMn»Rttja«* 


(57) 

mm) 3ira3 5 9 0MPaJH±*«i*ttrufli 

ft* fc J:l^*<^Rac<rS*«flW-*i t . 

M%T\ C : 0. 0 3 5-0. 185 
%. Mn:0. 7 5-1. 95%.Mo:0. 01- 
0. 4 9%, Ti : 0. 0 1 0 — 0. 14 5%, A 1 : 
0.0 1 1-0. 1 0%. P : 0. 0 3%UIT, S : 
0. 0 0 4XCIT. N : 0. 0 0 6%felT\ 0:0.0 

o 4 %&r. vtMtfmmz FeK^ri asa* 1 o 

nmHTT. flmtCMo/ (Ti +Mo) =0. 33 

-o . 7 7T'j>& ( t i , m o ) m&mmmm ttz 
?j.y4 h mmwm^x- 6 o - 1 o o %x-h i . 


(51) IntCl.' MMC* 
C 2 2 C 38/00 3 0 1 

C 2 1 D 9/46 
C2 2C 38/14 
38/58 
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C : 0. 035-0. 185%. 
Mn : 0. 7 5-1. 95%. 
Mo : 0. 0 1-0. 49%. 
Ti : 0. 0 1 0-0. 1 4 5%. 
Al : 0. 01 1-0. 10%. 
P : 0. 0 3%JUT. 
S : 0. 0 04%1TF. 
N : 0. 0 0 6%«T. 
0:0. 0 04%WT. 

mwmmizF e *^^o . 

SStf 1 0 nrntlTT'. S^itT-Mo/ (T i +Mo ) 

=0. 33-0. nx-hh (Ti, Mo)m-£mm> 
tmmi^yxy^ mmf)mm®ftmx'6 o-i o o 
%x-h h^t m&t -thnu&t ®.%®mzmitzm 

0. 1 5^ {Ti- (48/14) 

«*«««£liart-* fc*fc o . ±f e«U£cofsx 7 7 £ 
1 1 5 omhfcJP&Lfcfg. tt-WffflEB*fc8 5 0 

£7 0 0*CiaT£T#fflU 6 0 0°Cjg-6 7 5°Ct'^ 

Wo-cagaH»i: u mat, *u <* ho&Bt&zti 
mum. 

0. 1 5^ {Ti - (48/14) 

[000 1] 

[»3fc>*W-*tt«$H&] *Jtmi. 5 9 0M 

Pa£Utf»«**U fttf. tt*. ffiff* *Ji 

[0002] 

mmtm f §izm-?t>mwm«mgiZtLX us . 

[0003] 1-27969 7#&«tli. C 

-si -Mn-c ri&mtt&mzjnmmi 

5 O-COTt'^E 0 . 7i5^ht g&ffV/l^f VIM h 

t6«WWfKH-f*a*B*»H»S*i. 1«B¥1 1-2 
79699^&$£{i. C-Si-Mn 


Si : 0. 005-1. 50%. 

Cr : 0. 01-0. 24%. 

Nb : 0. 00 1-0. 060%. 

V : 0. 00 1-0. 050%. 

W: 0. 001-0. 50%. 

N i : 0. 0 1-0. 50%. 

Cu : 0. 0 1-0. 24%. 

B : 0. 000 1-0. 0006%. 

Ca : 0. 0001-0. 0040%. 

REM : 0. 000 1-0. 0040% 

nttniwxki*#tiz.k*mkb+&. mm 
i iziffintox&tfc%m;mtiKimm®m. 

[HM3 ] T i , Mo. N0)m&%X'$kHtl&&LT 

co ( i ) temtz-tz t zmitt&mm 1 tmtn 
m 2 cie»^anitt b mmmizmvtz-mmim 
w. 

N)/MoSl •-••(!) 

L. Sgjb*l 0 nmJTFT'. SfJttMo/ (T i + M 
o) =0. 3 3-0. HX'hh (Ti , Mo) fegjft 
IHtoWrtH Lfc7x7^ MSI8#ffl«ffi»-*r6 0-1 

0 o%X'hzz b mmb-t a jmttfc«8ttttfc«i 

[11*316 ] T i . M o . NOSfcfc-CSSflSJSlT 

co ( i ) £fctwftfc?«iii*a5£ieit® 
inns b mm&iz®titzimjjwfflmmmm. 

N|/Mogl ••••(!) 

«!X5r*«96a6 0 0XySlTT«K*3&». 

(cft& >!&ffitt U: 5 - 1 0 %<m&1&-* 

x-m h*£tetitimmziii-z>zbzmib-r&m& 
mizmimmm^tix^i. ztibnmtzx 

fUf. 3I3§3$$ (TS) #5 5 0-7 8 0MPacO&B 
Tttttttftfffctttf (El) iWlfeWt^WO. SBW 

[0004] «HPF5-302 1 2 1^&«fctt. C- 
S i -Mn-Nb-Mo$-±^t-n.^X7^$rSft 

1 0.-9 2 o m p anmmmGzmmimwi} 
*ro>s. t*>u ccosffir«i«»#tt. mzfgmn 

X&c?>&%imtf s +Mz'&bh.%^Mtfh h . 
[0005] ftftgS3 2351 6 8^&$gC(±. C-S 

1 -Mn-Nb-ilT i ZZ&ftb? mXy^B 
@^i6 0 0-2 0 0•C-C'^K^ , ). WtSftfiifcSrfc 

mbtzmimmzti. WP5-271 85 9-^ 

IfilCii. C-Si-Mn-Nb-iiTi-BJMt 

b -r&mx y7*?mm 6 0 0 - 2 0 0 o ct-^bx *)mm 
mmhzbzmLbthimtfmizti. whpfs- 

43980-t^$SWi. C-S i -Mn-Nb-gttT 
i-Mo&±*^t^*J!!aBB»«r«ajg«-f4;i:* 
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If. TS#6 8 0-9 4 0MPac9©BT'Jt«8M# : $: 
[0006] 

HWttWftLJ: d fct*»Hl ttJ:»J:3tftlwa 

area. awv&MtmMMbztiiifcatkm 

[0007] *»HHii*>*»« Wffc»*T$r$ilfc to 
tfeoT, 3l3MS5 9 0MPaJ2U:<33**£*U ft 
ff. ?&E. fittff. SI*. tiit/Zix^^ Ltzmm 

[0008] 

[MHfclHIW-* 5S£. flu 

74 M&»tt>fc. &&1 OnmOTT. flffifrCMo/ 
(Ti+Mo) =0. 3 3-0. HX'hh (Ti, M 

0. 15g(Ti- (48/14) 
[0013] (4) ±12 ( 1 ) frt> ( 3 ) Wf tdp 

y7i 1 1 5 0rJiLBcMUcf£. tt±(fEE®&££ 

||||^|C7 0 0T£IT*'CMHPU 6 0 0°Cj8-6 7 5 

[00141(5) ±12 ( 1 ) *fctt ( 2 ) OjfcJHfl 
0. 1 5^ {Ti- (48/14) 

[00 16] 

nm&TT\ S^ttT'Mo/ (Ti+Mo) =0. 33 
-0 . 7 IX'hhWm: (T i , Mo ) «&jRftfejWf 

aj U: ? * ? ^ h wstfmmft&x e o - 1 o o %x 
h&&xbh. ztiizivmwemig.. iraitt. ggm 

mx&zgitz&i'izimmtzm&zttfxz 
&<wi. m&zwBtiinzit&zbT. *m±mz& 
mtfmnmmL^wm&znhtzMzmKim 


[0009] *»BWii<oj: a^ai^ota^ 
titzi><r>xh o . wto ( i ) - ( 6 ) . 

[00 10] (1) mS%-C\ C : 0. 0 3 5-0. 
18 5%. Mn : 0. 7 5-1. 9 5%. Mo : 0. 0 
1-0. 4 9%. Ti : 0. 0 10-0. 14 5%. A 
1:0. 0 1 1-0. 1 0%. P : 0. 03%OT. 
S : 0 . 0 0 4%WT. N : 0 . 0 0 6%fcTF. O : 
0. 0 0 4%WT. aStfUWWCFe as 
#1 0 nmiaTT. WMX'Mo/ (Ti+Mo) = 
0. 33-0. HX'hh (Ti , Mo)^M«< 

m tu uc ^ x y a htmifwmftmx 6 o - 1 o o % 
xhhzt £mt?zMmtmmmtzmix%ft 

[ooii] (2) ±ia ( i ) ttjv^T. sfefc, m 

M%X\ Si : 0. 0 0 5-1. 5 0%. Cr : 0. 0 
1-0. 2 4%. Nb : 0. 0 0 1-0. 0 6 0%. 
V:0. 001-0. 050%. W:0. 001-0. 
5 0%. N i : 0. 0 1-0. 5 0%. Cu : 0. 0 1 
-0. 2 4%. B : 0. 000 1-0. 00 06%. C 
a:0. 0001—0. 0040%. REM : 0. 0 0 

0 1-0. O040%ff)o-h<oimxti:^^thzt 

zmti-mxtetmrnmizmtz-mjimm 

[ 0 0 1 2 ] ( 3 ) ±IE ( 1 ) ifctt ( 2 ) fcfc^ 
t. Ti. Mo. Nom&XX'UZtl&MT?) ( 1 ) * 

*wz*z t mnt -th jmtt t %.mmiz&titcm 

N)/Mogl ••••(!) 

UtU SS#1 0 nmOTT. SfJttMo/ (T 
i+Mo) =0. 33—0. HXhh (Ti, Mo) 
*^KflS»3WfftliLfc7x9-f hffl«a*ffliKffi#*T'6 
0- 1 0 0 %X'$> £ C ^flnlttfc gE^ifttt 

[ 0 0 1 5 ] ( 6 ) ±12 ( 5 ) fctJWC. T i . M 
o. N<0fi«%T*5*i6iaTO ( 1 ) ttWZtZk 

xtttMlflF. 

N} /Mo^l ( 1 ) 

[0017] mi£m < §<?)7xy4 h-ftm. 7x54 h 

is?iftm;«ti.K*fttf*g dr+^wiofttf^g) p 

(mm) tWWd (mm) fcOitp/dflfff O&g 
TS (MPa) Sfl-jfclTS/ <p/d) (MPa) 

frvmLL^WcXm^t It:. I+7D7 hrtwgt^ 
*<TS/ (p/d) oaccftl). H1jK>. 60%1-Xh 
<0IB»** A^l- 7i7^f btmWzm® 1 0 n mOT 

comma* (ti, mo) *^«<bft*ffajs-fr*ci: 
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X\ TS/(p/d)A>'400MPa fcLbOflblfc fflff 

coo is] ^rfc. *mtzmt7*y4 hmm 
mmmtit. warn. nx-bt. Mass. 
him. dvt-wa hm. mm-ZTi- 

UNI. »Wt^7x7^ MBJB. 7Hi5-7i 

54 baa***. tmmitmh&\ 

[0019] H2 fc«HF*>7 x Mil«+«*faj«<0 
t?i»0Mo,/(Ti+Mo) (JSflt) CDffi 

3-st«H e ¥iBKsa*iftit3«as*6iiii(fjg9a» 

9. HI»5Hz^^^i06|l9igtaWR«<y 

A 2 «> fcjwaurrsfcojtu 

A /TS) TfffiL. tttfVaiHiroOi&Kfttt. ft 

(f¥gp/d=2. o. AWftjego* t'Eig^i^tttf 

Lfcft. ffiSO . 1 Hz(^fft«5x 1 0 5 f& 

s t coit ( <r B /t s ) -e-eti-eftiFfi U:. 

^407 0X2. Ot (mm) bLtz. 02OTSO 
A7a 7 h rt«5R*# ff A /TS <DffiT'*> 0 . 0 2 <0± 
gOEHft 7o -y b rtaft^** cr B /T S <0ftC& £ . II 
2*>£>. 7i5>( hffla+ceffift*! 0 nralilT. 
JtfMo/ (Ti + Mo) = 0. 3 3-0. llX'hh 

(Ti . Mo) ateSHb»*Wti3*4Ci:T. ( <? A 
/TS)S0. 6. (<J B /TS)^0. 45f)ffiiut 
JKS*1*tt**ft Ml* £ k . 

[0020] <Ww, j£#fflSfcovvcKHJi*6. *W» 

<o»««Bf«)j«4Miwa4. mm%x\ c -.o. 035- 

0. 185%. Mn:0. 7 5—1.9 5%. Mo : 
0. 0 1—0. 4 9%. Ti : 0. 0 1 0-0. 1 4 5 
%. A 1 : 0. 0 1 1-0. 1 0%. P : 0. 03%1U 
T. S : 0 . 0 0 4%WT. N : 0 . 0 0 6%kTF. 
O:0. 0 0 4%OTT'£9. S i : 0. 00 

5-1 . 5 0%. Cr : 0. 0 1-0. 2 4%. Nb : 
0. 001-0. 060%. V:0. 001-0. 05 
0%, W: 0. 0 0 1-0. 5 0%. N i : 0. 0 1- 
0. 5 0%. Cu:0. 01-0. 24%. B:0. 0 
0 0 1—0. 0 0 06%. Ca:0. 0001—0. 0 
0 4 0%. REM : 0. 00 0 1—0. 0 04 0%«? 
*><7)imXtZtt?&Zt¥Z'$Z>. 0. 15 

g {Ti - (4 8/14) N) /Mo^lZffitctZb 


[0021] ztit><r>m%m&i l mT<7)m t )?$>&. 
c : cttBfaoausL jpxtt. mmmzftitzMz 
m%7xyjhtm*o(Ti, mo) msmwsz 
aww-a asearc* s . l u . 0.035 
%*.mx'hh kau&wfitc&s&fto (t i , mo > « 
^■mtfmtvm&FB.t**). 0. iss 

%Sr@^.l.iM»«fai#i)*^U. Jnittfc«» 
«tt*^ft1"6. LlzW^X. C#*4$r0. 0 3 5- 
0. 185%k-f6. 

[0022] Mn: Mn{4 (Ti, Mo ) SnMft 
*>l**aK*»WU ttStfl 0 oHW (T i , M 

o ) mismtmzBfiL s * & fc*>*>iB«7aR"r* «, . l 

A>L. **>ft&*0. 7 5%mX'immtfl 0nm*i 
c7) (T i . Mo ) «^lliflSlWH-«*3B*t«*i.4rV*«) 
JJraoau*. Jnitt, WHMfcWIMi.i' . l ■ 

9 5%srs^.-s.t7x7'f hm«7)mftmtf6 o%m 
tKmmotoxmmhti*^. uzt^x. Mn# 

*S£0. 75-1. 95%b~fh. 
[ 0 0 2 3 ] Mo : M o HjJrS<?55ML jDltt. 
«tt*#ftfefttofiS!=Sr7x5-f MUM'S) (T i , M 

*?>ft#0 . 0 1 %mX'b& k . 5£K. ftXttBftC 
£B*r*<0 (T i , Mo ) 3$ 
Jg. jDlttTOk^rO, -Jr. 0. 4 9%S»i4fca 
jftStbWKTfS. LfctfoT. Mo-^WiSrO. 0 1 
-0. 49%b?&. 

[ 0 0 2 4 ] T i : T H4M o kl§l«l, WBOSME. 
JPXtt. 83&1«xfcft4fc*>fc«&JKr7i5>f 

co (t i . mo ) m^mm*£&^&&wmx'& 
s. t^t. -eco*^'o. o i o%*src**k. ^ 
s. mx&mmzmtcM.?) (Ti.Mo) ®&wm 
tfmtif. flnie^fcfc&o. o. i4 

5SSi«i6ka»«ftt!WSTf-*. Uc*^T, Ti 
-&*«$r0. 0 10-0. 14 5%k-t£. 
[0025] Al: AH4MHi^)Ba»7carc**k 
kite. 3RgIS-C<03!--^f-^>f bSJSS*»IW* 
Itt(Ti.Mo) S^^^WWtti?-^!)^ 

osMeaRT**. znmtfo. 01 i%*>i 
TU*««j*tsu<. o. loxzmizbm 

MM&MSteth. Ltz&^X. Al-^«Sr0. 01 

i-o. i o%k-n>„ 

[0026] P. S, N, O: £*l6UVYtffl(>ftlX 
tt. as^Mx*fiT$**3p«*7aR-C*D, P«40. 
03%. S(40. 004%. N(40. 006%, 0(4 

o. oo4%*&ttb*<?Mmmim&t-tit:*>. 
%<?>m *ti? ti<D±m. b t & . 

[0027] Si: S i{47x7^f hffl«0^5:(E 

jit. KffMco7x7^f h mm#%£ft h rMzmnt 

h^bifiX'th. %co&tf0 .005 %*jffC(4^0S& 

«c2u.-*. i. 5 0%&mihbtgi.m®.m 
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0. 005-1. 50%b?l. 

[0028]Cr: C rliMnO (T i , Mo ) ®& 

mz^t<.-^. o. 24%z&i&tm9m&tf$ 

0. 01-0. 24%£t&. 

[0029] Nb, V, W: ZiXkVjiMtMtto* 

mm-*, z t x'^&m^riW}^7imThit^m 
Ant* £ tar**, ^-mto. oo iximx-te* 

*8&»fc£l,<. NbtiO. 0 6 0%, VliO. 0 50 
%, w{±o . 5 0%£j@£ l> 1 flnittfc«$mftWB;T 
U:#-?T. .I*i<5>£8s!itrrs$-&fc{4, Nb : 
0. 0 0 1-0. 060%, V: 0. 0 0 1-0. 0 5 
0%, W: 0. 001-0. 50%fc-f!>. Srfc, Ti 
#0. 04 1%*)1<7)*§£K{4, Nb<7)3$Jg£|f^-tS 
SHI** 0 .017 & WT\ N b 2r 0 . 018 

%w±wm-hi%i&iT nfio. 041 %&±x-h h z 

[0030]Ni,Cu: .Ift^teM n<0 (T i , M 

ft, rnmtz z t tfx-z h . -?-£7)»^ o.oi %*arc 

J4*<0S&»C2L<. NH40. 5 0%, Cull 

o. 2 4%zmt$>ttox&km%imtfgit-tz>tz 

ft, N i , Cu£»fS*§£fc<i, N i : 0. 0 1- 

0. 50%, Cu : 0. 01-0. 24%fth. 

[ 0 0 3 1 3 B : BUMfffcftS Wlttt(t4"t*fc 

ftjcaanrtsc fc & . . o o o 1 %* 

ttTtt-e^KftiC£U<« 0. 0 0 06%£jS3;L6fcfln 

(4, -£0£:fr*£ 0 . 000 1-0. 0 006%i:-f 
h. 

[0 0 3 23 Ca, REM: C a , R E W,mWn<r> 

MWMWlzX 0 Jaitt£-flftftl>Ii^ i &6£ft» 
■f S £ I. . wtfh. t 0 . 0 0 0 1 %*«T'{d^ 

<3jl»*tc£b<, 0. 0 04 09*S:iH*."Ct>*<0»*a t 

0. 000 1-0. 0040%t-fl>. 
[0033] {Ti- (48/14) N> /Mo : 7 

x5>f bf&i8#<o ( t i . Mo) M-smmcow X£ 

1 0nmiyT^)W : 5ri>£Ot-ri.itft^{i, Ti, M 
o, N<7)m&%X'3iZtlZ> {Ti - (4 8/14) N} 

/m o nmtfo . 15-1 oKHrt-ca tzttfifftL 

\>\ ZtM. TlIfiMoBWBIfliffltiltfc 
*£>ft.&. {Ti-(48/14)N)/Moi7)lA>' 

o.i5 %mx'$> ht.mmth xit± % < 


[0034] <fc£, JSSKHWOSJfeWWiov^iliWt 
±IEffl^ft^X7ySr 1 1 5 0mh 
fcitfftUrft, tt±ffE®?aS5r8 5 0-CW±t-ri.^ 
HEttfcifcU tt±ffffli^5^W[*I^7 0 0 4 CKlT 
£ X'ftffl U 600-CS-675 °CT'&IZ o t»f 

[0035] ot, in^<oiRjea*(cov^iiw 

(tlmo) s^ft-ffcia * 7x5^ w»f aj § 
mxymmum&m* 1 1 5 oruLht 

[0036] tt±(f ffgas : mmm nz x m 

8 5 0TUa±fcf4£»&«fc4 . 
[0037] ii^y^^aiM: (Ti.M 
o) a^ftflS*OSfaj«!BSr«l*L. SSI OnmJSIT 

tawwrtBS*. m^ittatfcMo/ (Ti+Mo) 

O{I£0. 3 3-0. 7 7^JEHt-tS-tfttUia®7 
W"7 H»a*ttOiW«jWB!T , »* . ( T i , Mo) 

mizmmcomzwMimwm^ititth (t 
i . mo) M%mmm&izii?mft±tfEmT 
5»iajartt7oot;4"c»ait45fi«3&«ft*. 

[0038] ^Kjag: S@*U0nmUlTO (T 

i . mo) m^mmmmttcy xy^t hmmm 
mftmx-6 0-1 0 o%t-n»wi, jK3&NRai££6 

0 0r@-6 7 5*Ck-ri»^* J S)l». 6 7 5-C£j@;t 
Si: (Ti , Mo) 1S^-f»'Bgft-rS^ft^S* { ffi 
Tt, -*6 0 0X^lTC*S t7i7^ hffl«»*36« 

[00393 ««^fe}W)W^Jfi»^tt»tll»eS 

14. ftlXtti:BttO«fiW)fc«>{c. JSIT<05S-C«»S^ 
61880*0. 3-1 0%cr>mt-?Z>Zb*m£l 

w 

mm) \ \/n{ mm®) - mmm) \ x 
( 100%) 

[00403 ^mm&mizimmn&mmi. 

tt, «tt<03c^ilfiW)fWi*»4> . $ $>lz#A h T-- v 

mimznthztvx-zh. 

[004 13 

[ hm^j 3 ( mm 1 ) * 1 tc^t A-To 2 0 wm<?> 
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®x?y , mi2 8o°aznt\sm. itimmm 
1 5°c, ?>1-V vx-ni o oxi&xn&tmwms 

mt u ma, xy«,T< v-/isfmuzik. 

jffltU *M£7 0mm<OjgJg4PPii Lfc. <gRi}U$;4 
[0 04 2] £ft*>tB«0$?offl»£iUS?U tffflft 

[0043] ZtLt>M<§frt>J I SI 

^^^^ffofttf warn* fBmaxwt, mm 

[0044] fttf JOIttte. TV •/ 5"ir-*M kb&b 

W*&) P (mm) k«Hd (mm) fcOJt/o/d 
t'MSTS (MP a) fcflofcITS/(p/ 
d) (MP a) ICkOfMBLfc. ffi^^V^Jt'tftttaD 

0, <IOfc#<9|EIMl-f¥gp' (mm) teflgd' 
(mm) fcc7)Jtp' /d' *>fii*«>fc. 
[0045] ttEUttttUttEEi&^Kftim 
KR*ffl*IHlll*fc: J: 0 , £ 2 d ( d : m 

-ttfsmh) =W/ (2^r2 P) — 0. 5fcfc**fr 
t Lfc. £fc*U W : EEMUWj, r : R|« 4"l>¥g. 
P : ftEThh. 

[0046] m^com^mt. wsnA&mmvm 
m<gcr> 4 jmrnmsmiitt o , 5 h z <o*ft 

T-fO 1 0 6 m 0 M L&ftRSJg a A ( ft^ifS^Sf O 2 
fS) fc AHMET Si:tf>Jfc (cr A /TS) TffttU ft 


wsnwmommami* fttfm°/d=2. o. 
Mfm9o- x-mmmmfifc®. mm*), mm. 
i\izv>$iftX'<r)5><io5mmimi\&gio B (s 
*&6j}<?>mj}mM) tms&XTstnit (<? b /t 
s) x'ttiftiMmitc. 

[0047] «ll<0No. 

wosmfix'h h 1 1 1 as 1 o n miar. smt 

T'^UcMo/ (Ti +Mo) Offl^'0. 3 3-0. 7 
7-C&* (T i , Mo ) «^Wt***WHJLfc7x9'f 

hmmtiwmmftmx'6 o~i o o%?a**»giwc 

9ISI5METS36»5 9 0MPaJa±T. TS/(p 
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